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iwm&] mmm 

#rffiatt*M® ftm£&Mffl<Z>*Ii JC«»<zm#7gj£3 tiT *3 »; , tafBTX© 

, 2 0 0 0 nmgTOiHfC^'J, i^§^5 0 nmg±, 1 2 0 0 nm« 
T©*SHJC»y, ^^:<Z)^ffilC&StHlta©«<SII*U 0 nm«±> 3 0 0 n mj£* 
T©«5KJC*>»J> KEhOrOIBIPBtf 1 0 0 nma±, 1 0 0 0 n mJ^T<Z>$§HtC& 
£ff^i *feli2(cfB«©#M±|^«?£ 0 

^m^atirfey, Stiaia©«f©ii^i o nmjgu:, 3oonmetT©iHcfe 

y, ^|HICi<Z)fS|5g^l 0 0 nmJgU:, 1 OOOnmJKTfflMCfeSiMl^ 

[»#«8] «s«i/'j3>©fstti© (220) x mmnf^-wm 

ft&mi (1 1 1) X H»®*ftr-^0^StSl m ©Jtl 220 /! 11 

1 miiE#2 0 0 1 - 3 1 0 8 6 9 3 
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[0 0 0 1] 
[0 0 0 2] 

[0 0 0 3] 

T X V y 3 > £ ^*^Jg 4: U fe*R*tttt*B«£tttt $ tlT v^ * . 
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mm (j^t> ms/'J3>i)ii*iiii:t5) *^bs*itv>So 

[0 0 0 4] 
[0 0 0 5] 

#H&»*&#JffibfcS«fcl,T* Mittf, 68 l l 83^*fii 

^#^2 8 6 2 1 7 4#^#iCli. #9*£S±*C?gJ«Ufc38W#S®©!&« 
[0 0 0 6] 

r*UCJ:*J, mzT^)V7TXZsV ny^mnm^m^lZlt. Staeb 
1 e r -Wr o n s k i ^lCjgSt-S3t«^SI^©^l:S:MT*^S 0 

[0 0 0 7] 

l <fc e> t •* « »«] 

[0 0 0 8] 

H. Yamamoto^it PVSEC-1 1, Sapporo, Japan 
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H. Yamamotoblt ^ffiMiafc^ff 5fij*ffc»©-LtC, £<blC^ 
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MfH©#fFHl 6 8 1 1 8 3#£^fcJ:tf#fi^2 8 6 2 1 7 4f«CH^ 
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m^m.m^mm±mmmmmmmnm(DmmtLxm^r^m. mtmz 9 7 

4 4 8 5 #^$g, 4#BB¥ 1 0 - 6 5 1 9 7 #&?U3 J: IF4$I»¥ 1 1 - 2 3 3 8 0 
O^^glClf&^tlT^So 
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fc#»s-e*s. mm&mmmmizj&vx. mmzmttzmitx^x*** 

[0 0 16] 

mm&fo±KM&zn2>mmmmm£LLxte. mizmfezn&ib&xteteK. 

MZ.lt. Sn0 2> I n 2 O s , ZnO, I TO^OS^tMOflXttt 

MZ.it. 5 X 1 O 20 ~5 X 1 0 21 /cm 3 ##tfe>*l5o ^^#«JS©mj?», 
0. lnm~2mmIgWP)*i5. itifctt, i£«_hJC, X/^y#&> 

mmm. EBim sbecvd^ ijicvD& yjifjim. nm&mz*. 
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[0 0 17] 

N;i/(Dtf^©?S^4 5 0 — 6 5 0 nmjgS©t»tftS©* 

[0 0 18] 

^<D[tt@ti2 0 0~2 0 0 0 nmiS, b<li4 0 0~1 2 0 0 nmlS 
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, 7^©SI3tt5 0 — 1 2 0 0 nmgE ffiKttl 00~8 0 0 nmiE C3 
0©iS<SMtt 1 0 - 3 0 0 n mil^ 0Sb<li2O~2OOn mil, W£t(D 
mmit 100~1000n mil, ^b<»2 0 0~8 0 0 n m=|Sgj»tf £ 

£fc##*UV*. ~<8fg-&(Z>|Hli«r<Z>flH£|gtt 1 0~3 0 0 nmlE #£L<te 
2 0 ~ 2 0 0 n mjgft, G3 &tf>H3l5fl& 100~1 0 0 0 n mtE # * b < fc* 2 
0 0~8 0 0nmiS*W?>nS. 
[0 0 19] 

t ^ <fc l, v^1 s n^©^0^«M(7)^«^mMM©^ffi^c|&fHcD^^^> , tyIta* , : 
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fcSix Cl-x, ^V-^A^inStlfeS ix Gel-x Xi**<DV£fr<D*tt 
[0 0 2 1] 

Mldll^i^tSpIlt, III BStcSR (Mifl r;i/^-^A, 
-f>^?A, tf^StifeflrefeS. pM&, fit 

stiTv^fciv*. in m^mmm hi>tiz. mz.it. o. oi~8i?%gi 

[0 0 2 2] 

ts^iibtit f$*fi«ricttcvDiS##*f ^t'®cvDii:lt 

fcfc, MCVD, MffiCVD, y^XYCVD, ECR^7X7CVD, MC 
VD, fitaCVD^©V^-rtn?feoT%» J:V>„ JfefrTf**, RF^f>VHF©M 
If©SMtC J: £ =fc <£>> ECR^7X?CVD& r*l <b ©IB^fcitr^jW 

0~2 0 0MHziE A^-lfcW—f&kWgS, ^-V > A-ftJEE* 0 . 1 — 2 
0 TorrgS. 6 0 0 TCmK*##tf £ *l&„ 

[0 0 2 3] 

'^'Jn^^iiOTtt, flAtf, SiH 4 , Si 2 H 6 , SiF 4 , Si 
H 2 C1 2 , S i C 1 4 Ig&mif £*lSo n^^^Xli, #3R#X 
£LX. H 2 , Ar, He, Ne, X e ^<0^*gtt#*fc fcfclCftMSftS. & 

Xte3£ffcSitfc#e>, ^iifcT'l : 1 ~ 1 : 1 0 0 f& Z £ 

8 ffiM#2 0 0 1 - 3 1 0 8 6 9 3 



#2001—030028 

WZ.lt* B 2 H 6 tgZm^T*) J:W B 
[0 0 2 4] 

rt^t^, -5£TX&«f(;£-fe»r&;^<D. Mx-H mm&X'i : o. ooi~i 

fc> ft^c, t/v ziy^m^^i^^vm^m^s^^mavx^^^o y^m^ 

If^illtH F 2 ., S i F 4 , S i H 2 F 2 egtfmf ^tlSc 

[0 0 2 5] 

o iMH iEHRS/y n>M^e>^S*iTv%*. Mill ^Xvc 

VDSt:<ko«t6ri:^T^5„ -e©»-^©|J|jStt, ^AH o. l ~ l 

O/imll^W^tlSc ^ffl^XilLttt, III »?7fi*&'&*fcV^9WM*, p 
[0 0 2 6] 

K-/t>b^xi:lTtt, III8j7G3R&-&tf#:*, Mill PH g f 
[0 0 2 7] 

> ^mmmmit. io 18 ~io 20 cm%!!)W^s 0 

[0 0 2 8] 



ffi$E# 2001-3108693 



#2001—030028 



o) x ffimffitf-tomft&mi 220 t. u i d x «ia^fcr-#©8t#BiKi 

ni ©ifcl 220 /I in #5j£iLt-e&S«^lcfci:, #Sfc*Pi<B^fcv*?Stt»tf • 
[0 0 2 9] 

00 1) HI#ft 0 -^oa^S^ ^@*ftf-^CD«^SOftI{CMbT7 0% 
[0 0 3 0] 

[0 0 3 1 ] 

yh<Dmm* mm&z^iz^v^y ymm^zm^M-t&z. tizzy . mmm 

[0 0 3 2] 

iMtitit %bk, mm. wm. mm. mm. i&&mm^<D n 



fflll#2 001-3108693 



#2001—030028 



[0 0 3 3] 
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[0 0 3 5] 

y ^ y mmtaJl^ ■& m -t r H T? T^C 33 J: t>* H O & IS T t> J: V \ . 
[0 0 3 6] 

[0 0 3 7] 
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mmmi 

i a £*<D±izmf&znfrmmmmm 1 1 b^&£ifBU;B§tt?MS«i i± 
y n>M i 3&tf n§tf^nft^y n>w i 4 ^«d&s 0 

SiiSIl 1 biltCJ*. m^MCDX^Xffi. 1 1 a (CteMe>&VN!ft##Mf 
[0 0 3 8] 

iSMl5 0*€T% M#*Jfl 1 bi:ltitt$SIS$ 1 0 Onmfc^ 
[0 0 3 9] 

jg^Mi i btcii, i x i o 21 / c m~ 3 m.m<Dtfv y&tfmnztir^^ 
0 zkdmjh, m^ntcmmmmM 1 1 b©*/-h»mi oa/n-e&y, 

8 0 0 nm<Dmzft~?2>mmmi*S 0%T*&ofco S^fH 1 blCf 

bTX«|ta#f^?:f?ofe^r5, (0 0 0 1) tH«f tf- * <Z>^#3&g#£«r 

[0 0 4 0] 

© i mm%mmy^mm^ 1 so^um s^i i©^®£M7fc-e-f-#fcsfc# 

3 5, *ffit0jtt^2 0 0-1 4 0 0 nm^COmBSFg^^^^^^^tl 

t v \ & 3 1. tfifrtp o fe . ' z. (D k & «fc o*m j2 ammBWi & m^m^mum iz j: y m 
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[0 0 4 1] 

0 2{C^3VNT, 3gBj!#«JS 1 1 b©a®&Cj£^£;ft£7tcZ> 1 2 1 & 8 

0 — 1 0 0 0 n mSf|©M5:^ U , 7t©itt#2 2 {C#f-r&:ft<Z>i££ 2 1 

f££;ftT£U, 3 (Z)IHI (H£fr©^{£^) 2 3 & 1 0 ~ 2 8 0 n mgS 

(DM^tLT^y, IHIdiCDWPB 2 4 lil0 0~9 0 0 nmmgT&o£ 0 Zltf) 
IHIiar5Pg2 4 C*f^£IHI 2 3 ©J£§P&, ,ftj0. l~lMtfeofe 0 

[0 0 4 2] 

#cvm5\ »^4x^««i i_hic, iMi^xvcvDSicitj, mmmmm 

1 1 b±{Cff£ 2 0 nm©p§3M^S2/U 3>Jg 1 2, ^mCiiMS 
i/VzjyMl 3, j|^3 0 nmfflnS^I>>'Ja>Il 4 ^JlRfC^jSi"^ i: 

fc^T 2 0 OlCfcb^ 

P^M'>U 1 ZBf&mzte, S i H 4 A*X$:^*i:bT'5^®H 2 jtf 

SiH 4 ^HilC^fbTO, 0 1%ttLMUc o ilMS^'J 

^Ki/ U 3>Jf 1 4^^FlCli, $ £&cph 3 ^&SiH 4 #*$ftS&C*fLT 

o. oi %muLxm^tc 0 

[0 0 4 3] 

nyftmmmmi 7ic.MLxxmmiftm*:ft^t=.iiz-z. (220) x ^ta^fn 0 
220 £ (1 1 1) x mmm^-tomftfomi m ©Jti 220 
/\ m ii3T^o^ 0 m% mmzmbtitcx^mm^- ? m^k^«; 

^fUKS/U =i>Jil 3 (Cjt^T pM^J:^n§s[^ H 1tKi/U n>M 1 2fcJ:tfl 4 
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[0 0 4 4] 

zmz 5 0 nm, m^~-2±MMmc& ij^mnmi 6 tLxmzmz soon 

#6*l£»]g|±B§«M(Z>AMl. 5 (lOOmW/cm 2 ) IlfMTC^W 
[0 0 4 5] 

mi] 







( m A / 
cm 2 ) 


(V) 




(%) 




x^f>?180» 
1 2 2 0 /1 1 i 1 = 3 


2 5.0 


0.53 


0.70 


9.28 




x^>^2 4 0 FJ? 
1 2 2 0 / 1 1 1 1 = 3 


2 5.8 


0.53 


0.70 


9.57 




I2 2 o/1 1 1 i = 5 . 5 


2 5.8 


0.55 


0.72 


10.22 




mtm± izmt ®ts £ tea 

Cadli^^a^ 1 5 0 nm 
B&^m^m 1 8 0 nm 

1 2 2 a / 1 1 1 1 = 1 • 5 


2 4.9 


0.50 


0.66 


8.22 


tt&m 2 


1 2 2 o/1 1 1 1 = 3 


2 2.8 


0.53 


0.72 


8.70 
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mmm2 

mmmmmi 1 bm^ox-v^ywrnz. »«i 1 ^mm^mmizmt mm 

o 

1 4 2001-3108693 



#2 001-030028 



^mm^-mwimxm^^r=.t^a, mffix&m&tfi oo~ioo onmgfi© 

[0 0 4 7] 
[0 0 4 8] 

ffffa^©^$ 3 1 ttl 0 0~7 0 0 nmnm&ft^ZmLT&V. 7Ctf>!ft#3 
2 iZft-tZ'X<D$&ts 3 1 <DltmiZlS&£ J tO. l~10ffltfeot 

5*©^®, &&Tffttfm&ZtlX^te^mmz&B&tfm&ZftTjSV 
, ^.(DBih(D^^ 3 3 (IHIta©^^) tt2O~2OOnmgl0M^l 
T&U, IH1£W^3 4 &2 0 0-8 0 0 nm^©;£^£^LT^£„ ^<£>IHJ 

o mmmi<Dm^titm^x. ^v?-yy\%mit£k<-tz>z.iiiz£v.mmMm 

[0 0 4 9] 

r5, (2 2 o) x ^m#ftf-^©«^Si 220 i: (i i i) x mmffiv-* 
<Dmft&mi ni <Diti 220 /T in tt3t*y, isifem ag*>e>*;fr 

ovnT^ 1 iz^-to 
[0 0 5 0] 

z.(DBm*mnm(z> am i . 5 a o omw/cm 2 ) mtt&ftTiz&tf&m 
m-m&m&itmiizjjk-t. mmmi cornet. ttm-t^t.. 

[0 0 5 1] 
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x ^ ^ > y zmi & v\ d t umzmmm mmmiz Lxmm&mmm±mmm & 

[0 0 5 2] 

iffc^li, #ff^2 8 6 2 1 7 4#^|gtC^$tlTVNS^^{C^oT#^b 

. SnCl 4 , *$;-Jl. 7«yi^N 2 ^Xt'#Ilfet)©$:i/7^i© 
mWlCW£tftf2>Z.iHZ£ IHIt0t©¥^$^l 5 0 nm, WRPItf 1 8 0 
n m V & 2> m m B O J&ft £ M f & BfMfc ^ & # §g b £ 0 
[0 0 5 3] 

r©m-fb^©^mjytt6 0 0 nm, ^-himiOfi/D, tfi8 0 0 n 

* SC £ C -5 *m 7 ^ X v tc J: £ M;6g<Z>M^£/& 5: Mitt S tc &> tc Wt tt £ ti T 
£U, Ji:$«3 0 nmi:i^©t% ^fbi^^® <Z> tHIia^^tC Id:^^ 

[0 0 5 4] 

fiofci:i5, (2 2 o) x $&mffi¥-?(Dmft&mi 220 t (hdx sra 
#f^-*<z>^#3Mi m ©Jti 220 /i m 5-e&ofc 0 

[0 0 5 5] 

r©SMi«©AMl. 5 (10 0 mW/ c m 2 ) IMffTfC^WSt 
[0 0 5 6] 

umi z <?>m& M&mmomtten/uzmtvx^te 



1 6 
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[0 0 5 7] 

MCDaRlB^jRSrjtaEM^WMft-CaftLfciliS, itt«#5 0-2 0 0 nm 
[0 0 5 8] 

^S:ira3tLfei:i5, ^©^Slil 0-10 0 nmgJ|©M&tltfeU, 
[0 0 5 9] 

, (2 2 o) x i»ia*ftr-^©fli^!ftsi 220 21 ( i i i ) x »ia#ftr-^©«t 

m ©Jfcl 2 2o /I in **3"7?»y, 1 35&.T$2 0)1gi&}LMt>h 

[0 0 6 0] 

i©#^M»JR*l»«?fi©AMl. 5 (1 0 OmW/crn 2 ) flglsf^TJC 

■5 £#*.£*i£o 



l 7 
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[0 0 6 1] 

iS!*gS«^Un>*l 3<Dm&,<nffil^ S i H 4 ^S:SK*itT?3 0^=ktf> 

mmmmzn-o (2 2 0) x ma#ftr-f 220 t (11 

1) X »EItft?-*©;»#aiKl ni CDJfcl 220 /I 1U &5. 5T?&ofc„ 
[0 0 6 2] 

i©^a*R*B*»©AMl. 5 (1 0 OmW/cm 2 ) mtttkftTlZ 

&wz>mm>-mmn&zm. 1 c^-r „ 
xmmmtfm&x* n & z. t. &m & t & o fc B 

[0 0 6 3] 

1 a ^*©±jc^3tife»i38w#e® 1 1 bfrbte&mmxmnmmmmi 

«^ii3 7, lilii 6««i(0)RK:«ia*iTft*. mi 

Will 1 b_tlCtt, Ilil fcRPBlJC, *BS«^©^f^^«l 1 a{C&S 

tlftlpS^'J3>H 2 a, 12 b, ii>>'Ja>|13a, 1 3 bMnM 
>>U =i>JS 1 4 a, I4b*>&45. 
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[0 0 6 4] 

UIMH 5 0tT% 1 1 b £bTM^$&£J?£ 1 0 0 n m 

£&£J:e>fC7i^U ?t?m*Rim?M«#c l l ULtc. f il^«H lb(c 
& 1 X 1 0 2 Vc m 3 mmOiSV ?A#-^£;$XTV^ 0 ^<£>MIH> #<b*l£3fS 
l3M#«Jg 1 lbffli/- h»t&6 Q/D-e^>U> ?&:R8 0 0 nm(D%\Zltf-t 

-Dtz.hz.z, (oooi) mft^-?(Dmftfomtf±mffi¥--i'e>mftmm(Dm 

[0 0 6 5] 

m^x, mimmmmmi 1 brnmox-y^ytntn^feo *«i 1 
5°c© i mm%MM7kmmc 2 0 o^ngmofeft 1 1 mm^m^x-t^-iz 

gfe^Lfeo X'yf>»HH^ifi 1 b<Z)$/- N&jfttti 0 □ 

^^5, ^St'«Dil#^2 0 0-1 6 0 0 nmnm<DnmH&<Dif^Xfcl 1 a 
[0 0 6 6] 

WJSM^vXTC VD&tCj: y, J¥£ 2 0 nm©piMSi>y3>I 12 a, 
jP£ 3 0 0 nmtf) i MASKS' U 3>H 3 a, 3 O nmfflnSMf 4 >'J 

3>I14 a £JlR{C«Ji-f £3£T% Ml^'^^^^^Sl 1 >> U =r>^« 

pS*SRi/'j3>I12a^HCtt, S i H 4 jtf*«:8fe*JfcT?5te<BH 2 # 

SiH 4 «*:ftto. 0 1 %g5#0LTJ&Ig|L£ o im&Mi/V 
3>I13att, pS^SKS/'J 2 a i;fiI«©M^&, nl#ll 

S/U n>Jf 1 4 ali, 3 6 P H 3 #*<&S i H 4 UTO. 01% 

[0 0 6 7] 
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mi isV =i 2 7 £^bfc^&CX$g[g^&£?Tofc£r5, (2 

2 0) X j»|I|#r£-*©«l#&flU 220 h (1 1 1) X ^EI#ftf-^<Z)«^S 
i U1 ©irfci 220 /i 1U tt3tfey, HlMl©i^i:ft)6^ofc 0 
[0 0 6 8] 

T^2>>U3>^«^SIM3 7£f£§gL£^ 1 £: P^HfC, »®,Kf*J» 1 

5 £<fctF»®*1il 6 £7t?J&L£ 0 r*UC£»J, ^7^i 1 1 aM^ftSrAft 

[0 0 6 9] 

AM 1 . 5 (10 0 mW/ c m 2 ) mt*£:{£ 

[0 0 7 0] 

[^2] 





(m A/ cm 2 ) 


(V) 






^J6#J 4 |12.8 


1.205 


0.695 


10.72 



[0 0 7 1] 

l r^mmmmm z. vx(DWntmmm z , 1 * ^ > ^ u £ & 

[0 0 7 2] 
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mi) 

[0 2] 
[BI3] 



1 1 






11a 






lib 


M«*Ji (mi* 




11c 






1 2 






1 3 


i M^U ziyM 




1 4 






1 5 






1 6 






1 7 






2 1 






2 2 






2 3 




2 4 






2 7 


m 1 s> U n:/3fc«3 




3 1 


7t 





2 1 
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3 2 

34 w&mm 

3 7 %2.i/Vny%mmMM 
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[mi] 




[H'2] 

2 2 




mii#2 ooi- 



3 1 0 8 6 9 3 
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[03] 



3 2 



[04] 




2 
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mm) 

mnmm izmmvfttf&i&z nx & u , mmft&mm iz watfMmz nx ^ & z. 
mmm] m 1 
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1. mn*ZMB 1990^ 8^290 
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